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(54) Stent 

(57) A stent wherein a biologically/physiologically 
active substance is loaded on the stent main body in a 
stable manner is provided. The biologically/physiologi- 
cally active substance does not undergo decomposition 
or degradation, the biologically/physiologically active 
substance is gradually released for a prolonged period 
without being rapidly released in a short period. The 
stent to be implanted in a body duct comprises a cylin- 
drical stent main body extending in axial direction and 
having an opening on each end of the axially extending 
stent main body, and a sustained release coating 
formed on the surface of the stent main body from which 
a biologically/physiologically active substance is slowly 
released; wherein said sustained release coating com- 
prises a layer of the biologically/physiologically active 



substance formed on the surface of said stent main 
body, and a polymer layer formed on said biologically/ 
physiologically active substance layer to cover said bi- 
ologically/physiologically active substance layer; and 
said biologically/physiologically active substance layer 
comprises at least one biologically/physiologically ac- 
tive substance; said polymer layer comprises a vapor or 
water-permeable polymer, and a water-swellable sub- 
stance dispersed in said polymer and swollen by ab- 
sorption of the vapor or the water; and cracks are formed 
in said polymer layer when said water-swellable sub- 
stance is swollen by absorbing the vapor or the water, 
and the biologically/physiologically active substance in 
said biologically/physiologically active substance layer 
is released to the exterior of said sustained release coat- 
ing through said polymer layer. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
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sjzzsez i * r : < r la nt ? in , a stenotic ° r ° cc,uded ,esi ° n * a duct such as 

this invention relates to a s.eni IZ^ZtTZZ T'"™ ° Penin9 ° f the leSion ' More «P«*-fc 
sustained reiease of a MobBfcrt^^^^2E2 r ° P ^?" B ° f ^ ' eSi ° n f ° f 3 pr0 '° n 9 ed l»*d by 
s.ow release of such suostaL Z£ ^S^^S^SZ ZZS?**' ^ * *"**"' ^ 
2. Description of the Related Art 

diseases (angina pectoris, cardiac infarct!) ha share Pa " entS SUfferi " 9 from ischemic hea * 

transluminal coronary angioplasty (PTCA) has l! h * ! 0rder W tr63t the heart disease *- percutaneous 

dramatically increased. iSCSSSJ a 1^X2^^ °' 7T ^ * aPP ' ied h3S 
and the PICA is app.ied not only to the cases where PTCA was orSllT TT ^ PTCA 3 V3riety ° f cases ' 
lesion (with short lesion length) or the single vesse lelten 5, , T " 1 name ' y ' " 0t ° n ' y t0 ' he Ascribed 
wherein the lesion is located a a more distal si lecentr i a J. T ° Y * 008 V6SSel) but also t0 the casa * 
the stenosis a. two or more vessels). PTCA s a procSu re whl n \? '° 03365 ° f mU ' tiveSSel ,esion ^ 
or arm of the patient to leave the in. reduces Lath ^ * nc*o a o T T ■ ^ ^ h the lhi 9 h 
the introducer sheath; a hollow tube called a all Ji J 9 J 6 ' S f ' rSt ,ntrodu «»<» through the lumen of 

P-ace the guide catheter at the en ranee of ; ^ ^ and ™ Rewire to 

ballooncatheterisinsertedinthe^ ,S withdrawn : mother guidewire and a 

artery ofthepatientaftertheguidewire and! nd ^S^^S^*'^^^^^^ 
lesion of the blood vessel to p,ace the balloon ^^ Jt^^^^^^ 0 ^^^^^ 
predetermined pressure for 30 to 60 seconds fo o n <2 o r , * ba "°° n ' S in " ated at this lesi °" * 'he 

inner cavity of the blood vessel a, the I^^^^S J" * ?* ^ Wi Pr °^ the 

amount of blood flowing through the blood vessel ttr^Z! ?t ° Pen ' n9 ' S maintai hed. As a consequence, 

healing of the vascu.arwal. ^,^"^2^3^' T intim3 ' thiCkenin9 ° CCUrS as 
restenosis is reported in 30 to 40% of the PTcTclseT " Wa " ° y the catheter ' an ° 

or occlusion of the body due, A .tent s a med in e ri ° pen,n 9 f - trea,in 9 v -°- diseases caused by such stenosis 
material, and various stents have t een p opoTed ExemZ 'f l"?? C ° mPriS6S 3 met3 ' m3,erial ° r a 
on the side wall of the hollow tubula oodv of ml, 7 * 6n ' S ' nC,Ude th ° Se wherein sma » slots ara fom»d 
or a polymer fiber into a c^^^ A ^-2^ f ,, T ,,, ■ 3nd ' h ° Se prod - ad °y Raiding a metal wire 
restenosis that may take place after «h PTCA Ind o er 1 1 "T 56 °' PreV6ntin9 ° r redudn 9 the risk ° f lhe 
significantly prevent the restenosis by using The stentlne' ' ^ S ° f3f beSn UnSUCCeSsful t0 

the biologically/physiologically active substance a S" | P in h CarC ' n ° Stat,C for local and sustainedly releasing 
8-337 18 A proposes a stent wherein a Sure of I tl J»„p " S ' en ' h3S been imp,an,ed - F ° r ~a m p.e. JP 

stance) and a polymer is coated on he s^rfac of the S 3nC6 < biolo 9 ical| y/pbysiological.y active sub- 

bioactive materia, layer (bta^C^^^^lta? f "1 9 ""° 56 A Pr ° P ° SeS 3 S ' ent Wherein a 
body, and a polymeric porous material £e ls fallTn I ^ ' S '° rmed ° n ,he Surface of tne sta "' ^nain 

[0006] However in the case o Z J, T , 6 SUrf3Ce ° f the bioac,ive malerial iayer. 

logical, active ^TClS EXX^ soTaUhe ST SUbSta - ( b 'o'° g 'ca„y /p hysio- 

position and degradation of the bk^icaEi^El.^ .! ' S associated witn «he problem of decern- 
that is, with the problem of th stebS of thr^. 9 n , Substance due t0 chemical action with the po.ymer 
polymer se.ected's po^til ad S I ^XSSST? ^ SUbSt3nCe ' For eX3mp,e ' when tha 
composition despite its favorable ^ " 9ener3 ' eS 3 " 3Cid Upon its de " 
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ologically active substance, the decomposition of the poiylactic acid will create the problem of the decomposition and 
degradation of the biologically/physiologically active substance. In addition, when the polymer selected has a high 
decomposition speed in the body, release of the biologically/physiologically active substance will be completed in a 
short period (within several days after the implantation) and the stent will suffer from the problem of insufficient sup- 

5 pression of the restenosis of the vascular wall. As a consequence, the stent of the type proposed in JP 8-33718 A is 
associated with the problem of limited combination of the polymer and the biologically/physiologically active substance 
used in the stent in view of preventing the decomposition and degradation of the biologically/physiologically active 
substance, and at the same time, in view of securing a reliable release of the biologically/physiologically active sub- 
stance for a prolonged period (for several weeks to several months after the stent implantation). 

10 [0007] On the other hand, in the case of the stent proposed in JP 9-99056 A, the bioactive material layer (biologically/ 
physiologically active substance layer) and the polymer layer are formed as different layers, so that this stent is free 
from the risk of the decomposition and degradation of the biologically active substance by the action with the polymer. 
In this stent, however, the polymer layer covering the biologically/physiologically active substance comprises a porous 
material wherein passages are defined from one surface to the other surface of the polymer layer, and the biologically/ 

15 physiologically active substance layer is exposed to the outer atmosphere of the stent (atmosphere outside the polymer 
layer) from the time of its production. Therefore , the stent of such structure is associated with the risk that the biologically/ 
physiologically active substance is released through , the passages present in the porous material before implanting 
the stent in the body. The stent of this type is also associated with the risk after implanting the stent in the lesion, 
namely, with the risk of the phenomenon that the biologically/physiologically active substance is rapidly released in a 

20 short period (within several days after the implantation), that is, the initial burst, and this stent suffered from the difficulty 
of sustained release of the biologically/physiologically active substance, namely, slow, gradual release of the biologi- 
cally/physiologically active substance for a prolonged period (for several weeks to several months after the implanta- 
tion). 

25 SUMMARY OF THE INVENTION 

[0008] In view of the situation as described above, an object of the present invention is to provide a stent wherein 
the biologically/physiologically active substance can be stably loaded on the stent main body without undergoing de- 
composition or degradation, and at the same time, wherein sustained release of the biologically/physiologically active 
30 substance, namely, slow, gradual release of the biologically/physiologically active substance for a prolonged period 
with no rapid release of the biologically/physiologically active substance is enabled once the stent is implanted in the 
lesion. 

[0009] Such objects are attained by the present invention as described in the following (1) to (9). 
35 (1) A stent to be implanted in a body duct comprising 

a cylindrical stent main body extending in axial direction and having an opening on each end of the axially 
extending stent main body and 

a sustained release coating formed on the surface of the stent main body from which a biologically/physiolog- 
ic ically active substance is released; wherein 
said sustained release coating comprises 

a layer of the biologically/physiologically active substance formed on the surface of said stent main body, 
and 

45 a polymer layer formed on said biologically/physiologically active substance layer to cover said biologically/ 

physiologically active substance layer; and 

said biologically/physiologically active substance layer comprises at least one biologically/physiologically ac- 
tive substance; 

50 said polymer layer comprises a vapor or water-permeable polymer, and a water-swellable substance dispersed 

in said polymer and swollen by absorption of the vapor or the water; and 

cracks are formed in said polymer layer when said water-swellable substance is swollen by absorbing the 
vapor or the water, and the biologically/physiologically active substance in said biologically/physiologically 
active substance layer is released to the exterior of said sustained release coating through said polymer layer. 

55 

(2) A stent according to the above (1) wherein said stent main body comprises a metal material. 

(3) A stent according to the above (1) wherein said stent main body comprises a polymer material. 

(4) A stent according to any one of the above (1) to (3) wherein said biologically/physiologically active substance 
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layer comprises solely from the biologically/physiologically active substance 

(o) A stent according to any one of the above (1) to (3) wherein said biologically/physioiooically active substahc* 
layer comprises he biologically/physiologically active substance and an additional component which imparts tack 
mess to sa.d b.olog.cally/physiologically active substance layer 

!s 6) ane S lst one'mf 21° 7 °"! f ^ ^ (1) '° (5) Said bio '°9ically/physio.ogica.ly active substance 

an« Tola 2 7 ^ h from a carcinostatic, an immunosuppressive, an antibiotic, an antirheumatic, an 

an nZdam TSST^T"^ " ' anta9 ° niSt ' 3 " in,e9rin inhibitor ' an antia,le ^- 

an antioxidant, a GPIIb/llla antagomst, retinoid, flavonoid. carotenoid, a lipid improving agent, a DNA synthesis 

mh.brtor a tyrosine kinase inhibitor, an antiplatelet, a vascular smooth muscle anti P Jferative agent, JlT 

flammatory agent, a biological material, an interferon, and a NO production accelerator. 

(7) A stent according to any one of the above (1 ) to (6) wherein said vapor or water-permeable polymer constituting 
the polymer layer is a member selected from silicone polymer, cellulose polymer, polyurethane, polyester vinyl 
polymer, acryl.c polymer, and thermoplastic elastomer. . ^ ' ' v 

(8) A stent according to any one of the above (1) to (7) wherein said water-swellable substance is a low molecular 
weight salt having a molecular weight of up to 1000. moiecuiar 

! lO^l 3 ^" 9 l °, lh ,t (8) Wh6rein S3id ' 0W m ° ,eCular weight Salf is a salt which "« bund in a body 
(10) A stent according to the above (8) or (9) wherein said low molecular weight salt is sodium chloride. 

BRIEF DESCRIPTION OF THE DRAWINGS 

I! J J iS an ele ^ a ' ional ™» showing the stent according to an embodiment of the present invention. 

1] FIG - 2 ,s an exploded transverse cross-sectional view taken along lines A-A in FIG 1 
[001 2] FIG. 3 is a partially exploded vertical cross-sectional view taken along lines B-B in FIG 1 

« SnceTasUVn ZT,^ ~~*«« view ° f the ^ «* ™- 3 when the water-swe.lable 

in !he 41 pol^n G er fcyeT^ ^ Cr ° SS - SeCti ° nal Vi6W ° f the Stenl of F,G ' 3 when ^ have generated 

5°a°fte 5 r imm^JLo 1" 7T "J™ 9 ™ 1 * (™9nification. 1000 x) of the polymer layer surface of the stent of Example 
1 after immersing the stent in phosphate buffer solution. 

[001 6] FIG 7 is an electron micrograph (magnification, 1500 x) of the cross section of the polymer layer of the stent 
of Example 1 after immersing in phosphate buffer solution. 

2v 1 eEx a ml 8 i iS a «! eleCtronmic ;°9 ra P h (magnification. 1000 x) of the polymer layer surface of the stent of Compar- 
ative Example 1 after immersing the stent in phosphate buffer solution 

[0018] FIG. 9 is an electron micrograph (magnification, 2500 x) of the cross section of the polymer layer of the stent 
of Comparative Example 1 after immersing in phosphate buffer solution. 

DETAILED DESCRIPTION OF THE INVENTION 

« Egs. NeXt ' StSnt ° f Pr6Sent inVenti ° n ^ deSCribed in d8tail by referrinQ t0 ' he em ^iments shown in the 

™!!!h The rf Sten ' f °L' he Pre$enl inVemi ° n com P rises a stent mai " and a sustained release coating formed to 
cover the surface of the stent main body. a 

S H?°' 1 iS ^ elevational view of the stent accordin 9 to an embodiment of the present invention. FIG. 2 is an 
exploded transverse cross-sectional view taken along lines A-A in FIG. 1. FIG. 3 is a partially exploded vertical cross- 
es sectional view taken along lines B-B in FIG. 1. vertical cross 
[0022] As shown in FIGS. 2 and 3, in the stent l'of the present invention, a layer 3 of a biologically/physiologically 
active substance ,s formed on the surface of the wire member 2 constituting the stent main body to covert stent 
mam body, and a polymer layer 4 is formed on the biologically/physiologically active substance layer 3 to cover the 
biologically/phys.olog.cally active substance layer 3. However, the biologically/physiologically active substance layer 
lall ,i ne T Sar u C ° Ver 6ntire SUrfaCS ° f thS Wife members 2 instituting the stent main body, and the bio- 
Zi ^XTf u aCU Z SUbStanCe ' ayer 3 Sh ° Uid C ° Ver at leaSt 3 P art of the ambers 2 constituting the 
stent mam body. In other words, the embodiments are within the scope of the invention when only the surface of the 

I hT , r S r n *? t0 ° Uter SUrfaCS ° f ,he Stent main bod * which is a ^ •» covered with 

the bmlogically/physiologically active substance layer 3, or on the contrary, only the surface of the wire member 2 

correspondmg to the inner surface of the stent main body is covered with the biologically/physiologically active sub- 
polymer layer ' b,0l09,Cally/Dh y siol °9 ica «y activ * substance layer 3. however, should always be covered w'h the 
[0023] Next, the components constituting the stent 1 are described in further detail. 
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[0024] The stent main body is a cylindrical body having an opening on each end and extending in axial direction 
between the opposite ends. The side surface of the cylindrical body is formed with a large number of slots or holes 
which communicates the inner and the outer peripheral surfaces. The cylindrical body is radially expandable/com- 
pressible by the deformation or enlargement of the slots, and this radially expandable/compressible structure enables 
implantation of the stent in blood vessel or other vessel, or in bile duct or other body ducts in order to maintain the 
shape of the vessel or the duct. 

[0025] In the embodiment shown in FIG. 1 , the stent main body comprises resilient wires 2, and the stent main body 
is constituted from substantially diamond-shaped units 1 1 having slots in the inside. A plurality of substantially diamond- 
shaped units 1 1 are connected with each other so that the substantially diamond-shaped shapes are serially arranged 
in the direction of the minor axis of the diamond to constitute an annular unit 12. The annular unit 12 is connected with 
the adjacent annular unit by a wire resilient member 13, and as a consequence, a plurality of annular units 12 are 
serially arranged in the axial direction with a part thereof connected with each other. Since the stent main body (stent) 
1 has the structure as described above, the stent main body comprises a cylindrical body having an opening on each 
end, and the cylindrical body extends in axial direction between the opposite ends. Since the stent main body (stent) 
1 has the substantially diamond-shaped slots, the cylindrical body is radially expandable/compressible by the defor- 
mation of the slots. 

[0026] It is to be noted that, in the present invention, the stent main body is not limited to the embodiment shown in 
the drawings, and included within the scope of the invention are any radially expandable cylindrical body having an 
opening on each end and extending in axial direction between the opposite ends, and having the structure with a large 
number of slots formed in the wall communicating the outer and the inner peripheral surfaces to enable the radial 
expansion/compression of the cylindrical body through the deformation of the slots. 

[0027] Typical examples of the radially expandable/compressible stent main bodies include a stent main body as 
disclosed in JP 9-215753 A and JP 7-529 A wherein members formed by bending a resilient wire in coil shape are 
serially connected with each other to constitute a cylindrical body with the spaces between the resilient wires forming 
the slots; a stent main body as disclosed in JP 8-502428 A and JP 7-500272 A wherein members formed by bending 
a resilient. wire in zigzag shape are serially connected with each other to constitute a cylindrical body with the spaces 
between the resilient wires forming the slots; a stent main body as disclosed in JP 2000-501328 A and JP 11-221288 
A which has been produced by bending a resilient wire in the shape of serpentine flat ribbon, and the thus bent wire 
is helically wound around a mandrel to constitute a cylindrical body, with the spaces between the resilient wires forming 
the slots; a stent main body of mesh structure as disclosed in JP 10-503676 A wherein the slots are formed in meander 
pattern which are different from the stent main body of FIG. 1; and a stent main body as disclosed in JP 8-507243 A 
which has been produced by bending a plate member in coil shape to constitute a cylindrical stent main body wherein 
the spaces between the adjacent coil members corresponds to the slots. Other typical examples include cylindrical 
stent main bodies of different structures as disclosed in JP 4-68939 B wherein a resilient plate member is helically 
formed into a cylindrical body, with the spaces between the resilient plate members forming the slots; or wherein a 
resilient wire has been braided into a cylindrical body, with the spaces between the resilient wires forming the slots. In 
addition, the stent main body may be in the form of a coil of a plate spring, multiple helix, special pipe, and the like. 
There are also disclosed in FIGS. 2(a) and 2(b) of JP 4-68939 B a stent main body formed by helically winding a 
resilient plate member into a cylindrical body, and such cylindrical stent main body having expandable/compressible 
structure without providing any slot on the side wall may also be used as the stent main body of the present invention. 
All of the above publications and patent documents are herein incorporated by reference. 

[0028] The means used for the expansion of the stent main body after leaving the stent in place is not particularly 
limited. The stent may be a self-expanding stent which expands in radialTy outward direction by its own restoring force, 
for example, by removing the strength which had maintained the stent main body folded in the smaller size. Alternatively, 
the stent may be a balloon-expandable stent wherein the stent main body is expanded in radially outward direction by 
an exterior force applied from the interior of the stent by an inflating balloon. 

[0029] The stent main body may comprise a material such as a polymer material, a metal material, or a carbon fiber 
or ceramics, and the material used is not limited as long as the resulting stent has a certain degree of rigidity and 
elasticity. The stent, however, may preferably comprise a biocompatible material. Exemplary polymer materials used 
include polyethylene, polypropylene, and other polyolefins; polyethylene terephthalate and other polyesters; cellulose 
acetate, cellulose nitrate, and other.cellulose polymers; polytetrafluoroethylene, tetrafluoroethylene-ethylene copoly- 
mer and other fluorine-containing polymers. Exemplary metal materials include stainless steel, tantalum, titanium, 
nickel-titanium alloy, tantalum-titanium alloy, nickel-aluminum alloy, inconel, gold, platinum, iridium, tungsten, and co- 
balt-based alloy. Of the stainless steel materials, SUS 31 6L is the most preferred in view of the corrosion resistance 
of highest degree. 

[0030] The stent main body can be most favorably made when the material used is a material adequately selected 
from the materials as mentioned above according to the lesion where the stent is applied and the mean of its expansion. 
For example, when the stent main body is formed from a metal material, the stent can be reliably implanted in the 
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lesion since a metal material is sufficient in strength. On the other hand, when the stent main body is formed from a 
polymer material, tne stent will enjoy excellent deliverabiliiy owing to the high flexibility of the polymer material 
[0031] Wnen the stent is a self-expandable stent, the stent is preferably made from a superelastic alloy such as 
titan.um-n.ckel alloy since the stent should be capable of restoring its original shape. When the stent is a balloon- 
expandaole stent, use of a material like stainless steel is preferable since the stent after the expansion is unlikely to 
restore its original shape. 

[0032] Also, when the stent main body is formed from a carbon fiber, the stent has high strength and is superior in 
flexibility and safety for implantation in the body. 

[0033] An adequate size may be selected for the stent main body according to the lesion where it is applied When 
it is applied, for example, in cardiac coronary artery, the stent main body may preferably have an outer diameter before 
the expansion of 1.0 to 3.0 mm, and a length of 5 to 50 mm. 

[0034] In the case, the stent main body is constituted from a wire member as described above a length of the wire 
member in its width direction is preferably 0.01 to 0.5 mm, more preferably 0.05 to 0.2 mm. 

[0035] The way how the stent main body is produced is not limited to any particular method, and the production 
method may be adequately selected from those typically used in the art in the production of a stent 
[0036] In the stent of the present invention, the biologically/physiologically active substance layer is formed on the 
stent main body as described above to cover the surface of the wire member 2 constituting the stent main body Also 
when the stent mam body is constituted from other constituent besides the wire member as exemplified above for 
example, a sheet member, the biologically/physiologically active substance layer is formed on the stent main body to 
cover the surface of the constituent like a sheet member. The biologically/physiologically active substance layer 3 
contains at least one biologically/physiologically active substance. The biologically/physiologically active substance 
incorporated in the biologically/physiologically active substance layer is not limited to any particular type as long as it 
has the effect of suppressing the restenosis of the lesion after implanting the stent of the present invention in the body 
duct. Exemplary biologically/physiologically active substances include a carcinostatic, an immunosuppressive an an- 
tibiotic, an antirheumatic, an antithrombotic, an antihyperlipidemic, an ACE inhibitor, a calcium antagonist an integrin 
inhibitor, an antiallergic, an antioxidant, a GPIIb/llla antagonist, retinoid, flavonoid, carotenoid, a lipid improving agent 
a UNA synthesis inhibitor, a tyrosine kinase inhibitor, an antiplatelet, a vascular smooth muscle antiproliferative agent' 
an antiinflammatory agent, a biological material, an interferon, and a NO production accelerator. 
[0037] Exemplary preferable carcinostatics include vincristine sulfate, vinblastine sulfate, vindesine sulfate irinote- 
can hydrochloride, paclitaxel, docetaxel hydrate, methotrexate and cyclophosphamid. 

[0038] Exemplary preferable immunosuppressives include sirolimus, tacrolimus hydrate, azathioprine cyclosporin 
mycophenolatemofetil, gusperimus hydrochloride, and mizoribine. 

[0039] Exemplary preferable antibiotics include mitomycin C, doxorubicin hydrochloride, actinomycin D daunoru- 
bjcm hydrochloride, idarubicin hydrochloride, pirarubicin hydrochloride, aclarubicin hydrochloride, epirubicin hydro- 
chloride, peplomycin sulfate, and zinostatin stimalamer. 

!„°^J Exemplary preferable antirheumatics include sodium aurothiomalate, penicillamine, and lobenzarit disodium 
10041] Exemplary preferable antithrombotics include heparin, ticlopidine hydrochloride, and hirudin 
[0042] Exemplary preferable antihyperlipidemic include HMG-CoA reductase inhibitors and probucol Exemplary 
preferable HMG-CoA reductase inhibitors include serivastatin sodium, atolvastatin, nisvastatin, pravastatin, fluvastatin 
sodium, simvastatin, lovastatin, and pravastatin potassium. 

[0043] Exemplary preferable ACE inhibitors include quinapril hydrochloride, perindopril erbumine, trandolapril cila- 
zapnl, temocapnl hydrochloride, delapril hydrochloride, enalapril maleate, lisinopril. and captopril 
[0044] Exemplary preferable calcium antagonists include nifedipine, nilvadipine. diltiazem hydrochloride, benidipine 
hydrochloride, and nisoldipine. 

[0045] Exemplary preferable antiallergics include tranilast. 

[0046] Exemplary preferable retinoids include all-trans retinoic acid. 

[0047] Exemplary.preferable antioxidants include catechines. anthocyanine. proanthocyanidin. lycopene and B-car- 
otene. Of the catechines, the most preferred is epigallocatechin gallate. 

[0048] Exemplary preferable tyrosine kinase inhibitors include genistein, tyrphostin. and apstatin. 
[0049] Exemplary preferable antiinflammatories include dexamethasone, prednisolone, and other steroids and as- 
pirin. 

[0050] Exemplary preferable biological materials include EGF (epidermal growth factor), VEGF (vascular endothelial 
growth factor), HGF (hepatocyte growth factor), PDGF (platelet derived growth factor), and BFGF (basic fibroblast 
growth factor). 

[0051] The biologically/physiologically active substance layer may contain only one of the biologically/physiologically 
active substance as ment.oned above, or alternatively, two or more different biologically/physiologically active sub- 
stances of the combination adequately selected from the biologically/physiologically active substances as mentioned 
above. 
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[0052] The method employed to form the biologically/physiologically active substance layer 3 on the surface of the 
wire member 2 constituting the stent main body is not limited to any particular method as long as the b.olog cally/ 
physiologically active substance layer 3 can be uniformly deposited on the surface of the wire member 2 confuting 
the stent main body. For example, the layer 3 can be deposited by heating and melting the b.olog.cally/phys.olog.cally 

5 activ substance, and coating the molten substance on the surface of the wire member 2 constrtutmg he stent mam 
body or by heating and melting the biologically/physiologically active substance, and I dipping he sten mam body in 
fhe moln biologicaHy/physiologically active substance followed by cooling and solidification of the b. og.cally phys- 
ically active substance to thereby form the biologically/physiologically active substance layer 3. Alternatively, the 
layer 3 may be formed by dissolving the biologically/physiologically active substance ,n an adequate solvent to thereby 

,o fo m a solution and dipping the stent main body in the solution, and after recovering the stent mam body from the 
solution removing the solvent by evaporation or other method to thereby form a coating on the wire member 2 con- 
sm ting the stent main body; or by coating such solution on the wire member 2 constituting the stent mam body by 
praying such solution with a spray device or other means, or by accomplishing the coating by o her mea s, a d 
remS the solvent by evaporation or other method to thereby form a coating on the wire member 2 constituting the 

" ST"" is°to y be noted that, when the biologically/physiologically active substance is insufficient in adhesion to the 
wire member 2 constituting the stent main body, and the biologically/physiologically active substance used alone is 
unlLTyTo be able to form a layer on the surface of the wire member 2 constituting the stent mam body the so.ubon 
' s eferably supplemented with an additional component which imparts tackiness to the biologically physiological^ 
acti e subs ance To be more specific, when the biologically/physiologically active substance ,s a water solute low 
molecular weight substance having a molecular weight of up to 1000, the solution is preferably W^RKin^ta 
additional component, for example, a saccharide such as a monosaccharide, a disacchar.de an oh osacchande, or 
me like or a water-soluble vitamin. When the biologically/physiologically active substance ,s a water soluble high 
molecular weight substance having a molecular weight of over 1 000, the solution is preferably supplemented w, . the 
additional component which is dextran, hydroxy ethyl cellulose, or the like. When the biologically/physiolog.cally act ve 
substance is a fat soluble substance, the solution is preferably supplemented with the additional component whic ,s 
a low molecular weight higher fatty acid having a molecular weight of up to 1000 such as a fish oil, a vegetable oil. a 
fat-soluble vitamine such as vitamine A or vitamine E. 

[0054] It is to be noted that, when there is an adequate solvent for dissolving the biologically/physiologically act,ve 
substance, and the biologica.ly/physiologically active substance used alone is capable of forming a layer on the surface 
of the wire member 2 constituting the stent main body, the layer 3 can be most conveniently and favorably tamed by 
preparing a solution of the biologically/physiologically active substance alone in the solvent, and dipping NiMma 
tody in the solution followed by drying, or alternatively, by spraying such solution on the w,re member 2 constrtutmg 
the stent main body followed by drying. _-„ rtrl 
35 [0055] The biologically/physiologically active'substance layer 3 may have a quantrty adequately determined depe ti- 
ng on the shape and size of the stent. To be more specific, the quantity may be adequately determined so that he 
effect of releasing the biologically/physiologically active substance is sufficiently achieved without de rac .ngfrom ^the 
performance of the stent main body such as deliverabi.ity of the stent to the lesion and reduce imtatio for the blood 
vessel wall. The quantity of the biologically/physiologically active substance layer 3 is preferably in the range of 0.1 to 

40 Sr In the stent of the present invention, the polymer layer 4 is formed on the biologically/physiologically active 
ubstance layer 3 as described above to cover the layer 3. The polymer layer 4 comprises a vapor ^ w ater-permeable 
polymer having a water-swellable substance 5 dispersed in the water-permeable polymer. The water-swellable sub- 
stance 5 is swollen when it absorbs the vapor or the water. • 

<5 [0057] The polymer constituting the polymer layer 4 is vapor or water permeable, and cracks are formed I this 
polymer when the water-swellable substance 5 dispersed therein is swollen by absorbing the vapor or the water. To 
be more specific, this polymer satisfies the following conditions: 



20 



25 



30 



50 



• water content: less than 10% (35°C) 

• coefficient of vapor permeability: more than 10-7 [cm 3 ( S TP) (cm s cmHg) - 1 ] 
tensile strength: up to 30 MPa 

55 • tear strength: up to 100 kg/cm 



[0058] The polymer constituting the polymer layer is not particularly limited as long as it satisfies the conditions as 
described above The polymer, however, is used for a stent which is implanted in the body, and therefore, should be 
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[0061] The most preferred is the silicone elastomer as described above 

2M«.5StE£ESr - 8 — -* • - - - - - ■ - - - 

mmsmm 

weigh sa (L e ^' olo ecu Jr we » m0 ' eCU ' ar ""^ SUbStanCe U " d ' S 3 l0W ™*™«"' 



^05 Js^^^^^ morepreferablv 
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polymer layer 4 upon swelling of the water-swellable substance by the water or vapor absorption to result in the difficulty 
of controlling the release speed of the biologically/physiologically active substance. On the other hand, when the con- 
centration of a low molecular weight salt is less than 0.01% by mass, there is a risk that the cracks generated in the 
polymer layer 4 are insufficient with the biologically/physiologically active substance failing to be released outside the 

5 sustained release coating. 

[0067] The particle size of the water-swellable substance 5 at the addition to the polymer layer 4 is not particularly 
limited as long as the size allows smoothness of the outer surface of the polymer layer 4 and generation of the cracks 
in the polymer layer 4. The particle size, however, is preferably in the range of 1 to 50 u.m, more preferably 3 to 30 p.m, 
and most preferably 5 to 30 u.m in view of the thickness of the polymer layer 4. 

10 [0068] Any desired combination of the polymer to constitute the polymer layer 4 and the water-swellable substance 
5 may be chosen as long as the cracks are generated in the polymer upon swelling of the water-swellable substance 
by the water or vapor absorption. The preferable combination, however, is use of sodium chloride having a particle 
size of 5 to 30 \im as a water-swellable substance dispersed in the silicone elastomer as described above at a con- 
centration of 0.1 to 2.5% by mass. 

15 [0069] Next, mechanism of the release of the biologically/physiologically active substance from the sustained release 

coating is described. 

[0070] Once the stent 1 is implanted in the lesion, the vapor or the water that has been present in the body duct 
starts to intrude into the polymer layer 4. The term "vapor" used herein is the one formed by vaporization of the blood 
or other body fluid in the body duct. The vapor or the water that has intruded into the polymer layer 4 then becomes 
20 entrapped in the water-swellable substance 5 in the polymer layer 4, and the water-swellable substance 5 that en- 
trapped the water or the vapor is swollen by absorbing the water or the vapor. As a consequence, volume of the water- 
swellable substance 5 increases in the polymer layer 4 as shown in FIG. 4. 

[0071] The polymer constituting the polymer layer 4 then receives continuous force from the swelling water-swellable 
substance 5, and breakage occurs at various parts of the polymer resulting in the cracks 6 of the polymer layer 4 as 
25 shown in FIG. 5. The cracks 6 occur at a number of sites in the polymer layer 4 as shown in FIG. 5 as the consequence 
of the continuously applied force by the swelling of the water-swellable substance 5, and a network of cracks is formed 
by the linking of the cracks 6. This network finally penetrates the polymer layer 4, and a passage is formed in the 
polymer layer 4 to enable moving of the biologically/physiologically active substance. 

[0072] Through this passage, the body fluid and other fluids in the body duct becomes in contact with the biologically/ 
30 physiologically active substance layer 3, and the biologically/physiologically active substance then dissolves into the 
fluid. This mechanism is not affected by the properties of the biologically/physiologically active substance, namely, 
whether the biologically/physiologically active substance is water- or fat-soluble since most of the body fluids including 
the blood contain fatty components in addition to the water which constitutes most of the fluid. 
[0073] It is believed that the thus dissolved biologically/physiologically active substance passes through the passage 
35 formed in the polymer layer 4 to be released to the exterior of the sustained release coating. When the water-swellable 
substance 5 is sodium chloride or other low molecular weight salt, the salt will dissolve into the body fluid or other liquid 
to become released through the passage to the exterior of the sustained release coating. The space where the water- 
sweilable substance 5 had occupied then becomes empty, and this space will form a part of the passage as described 

above. . 

40 [0074] As described above, in the stent 1 of the present invention, there are no passages communicating the bio- 
logically/physiologically active substance layer 3, and the surface of the stent 1 {the surface of the polymer layer 4) 
before the insertion of the stent in the body and contact of the stent with the blood or other body fluid. The passage is 
formed in the polymer layer 4 only after the implantation of the stent in the lesion of the body duct and contact of the 
stent with the body fluid. As a consequence, the biologically/physiologically active substance is prevented from being 

45 rapidly released in a short period (within several days after the implantation of the stent 1 in the lesion), and instead, 
the biologically/physiologically active substance undergoes a sustained, gradual release for a prolonged period (in 
several weeks to several months after the implantation of the stent 1 in the lesion). The release of the biologically/ 
physiologically active substance from the stent 1 is also prevented before the insertion in the body. 
[0075] Furthermore, in the stent 1 of the present invention, the polymer layer 4 and the biologically/physiologically 

so active substance layer 3 are separately provided as different layers, and this stent is free from the problem of the 
- biologically/physiologically active substance being decomposed or degraded by the action of the polymer. As a con- 
sequence, the biologically/physiologically active substance can be loaded on the wire member 2 constituting the stent 
main body in a stable manner until it is released from the stent 1. Also, no limitation is set on the combination of the 
polymer and the biologically/physiologically active substance. 



55 



EXAMPLES 

[0076] Next, the present invention is described in further detail by referring to the Examples which by no means limit 
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the scope of the present invention. 
Example 1 



RG 7 7w«^i d T C h a ' Stent , main b ° dy (ma,efial ' SUS 316L) havi "9 substantiany diamond-shaped slots as shown in 

tured bv NUSH nr? ?k 1 °' ^ mai " ^ NeXt ' 3 ,W0 part silicone elast °™ (MED-4211 manufac 
o ™ t ' ? V add ' n9 1 9 ° f 3 CUri " 9 39ent 10 10 9 of a base c ° m P°""° was dispersed in 89 o oThexane 
to prepare a s .cone elastomer solution (silicone elastomer concentration, 10% by weioht) and sod "urn chloride 7* 

7 °S *L T ni! me3 ' ureme , nt was conduc,ed b V dipping the resulting stent in 50 ml of phosphate buffer solution (pH 
7.0), and placing the solution in a thermostat bath at 37°C. Sample of the phosphate buffer solution was coM^H ,, 
a predetermined time interval to measure the amount of the VS released 

main Tody ™ " am ° Unt ° f VS ^ C03ted 0n the wire membar constituting the stent 

iu™i~ 

m S h ?he h^estd er k S °: Uti0 H' and 96nera,i0n ° f Cr3CkS the P ° ,ymer 13 er is Seated i hi JL t 

^^^^,2^3? ,n polymer layer after lhe dipping proved seneralion of the cracks in *» 

S Te t £ol*M^Z P f aSS39eS Penetr3ting thS P °' ymer layer which conslitu,e ,he «'ease mechanism 
sw 11 S /PhySI0lO9 ' C3lly 3Ct ' Ve Substance f ™ the sustained release coating by the swelling of the water- 



Example 2 



[0083] The outer surface of the wire member constituting the stent main body which is the same as Examole 1 was 

o the sod.um chloride ,n relation to the total weight of the base compound and the curing agent of the silicon dastomer 

I t?, f by W6i9ht - The feSUltin9 S0lu,i0n W3S then 'y -ing a hS ™ A «e 

confirming that tne polymer layer had fully covered the biologica.ly/physio.ogically active substance layer he sten 
was heated ,n an oven at 60°C for 24 hours to thereby form the polymer layer. The polymer layer after the then^oset fnc 

active substance (VS) released. The measurement was conducted as in the case of Example 1. The results are shown 
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in Table 1 . As in the case of Example 1 , the amount of the VS released is indicated by the proportion (%) in the amount 
of the VS that had been coated on the wire member constituting the stent main body. 

[0084] As evident from Table 1 , it was confirmed that the amount of the VS released increased with the increase in 
time (day), and that the VS was slowly released for about 4 weeks with no rapid release in short period (initial burst). 

5 

Comparative Example 1 

[0085] The outer surface of the wire member constituting the stent main body which is the same as Example 1 was 
sprayed with a solution of VS in dichloromethane (VS concentration, 10% by weight) by using a hand spray. It was 

10 then confirmed that about 2 mg of VS was coated on the outer surface of the wire member constituting the stent main 
body. The solvent, dichloromethane was completely volatilized to form a layer of the biologically/physiologically active 
substance on the surface of the stent main body. Next, MED-4211 prepared by adding 1 g of a curing agent to 10 g of 
a base compound was dispersed in 89 g of hexane to prepare a solution (silicone elastomer concentration, 10% by 
weight), and this solution was sprayed by using a hand spray. After confirming that the polymer layer had fully covered 

15 the biologically/physiologically active substance layer, the stent was heated in an oven at 60°C for 24 hours to thereby 
form the polymer layer. The polymer layer after the thermosetting had a thickness at an average of 50 um This stent 
was evaluated for the amount of the biologically/physiologically active substance (VS) released. The measurement 
was conducted as in the case of Example 1 . The results are shown in Table 1 . As in the case of Example 1 , the amount 
of the VS released is indicated by the proportion (%) in the amount of the VS that had been coated on the wire member 

20 constituting the stent main body. 

[0086] As evident from Table 1 , it was confirmed that the VS is barely released in the system wherein the polymer 
layer does not contain sodium chloride. 

[0087] For the stent of the Comparative Example 1, electron micrographs (1000 x) of the polymer layer after the 
dipping in the phosphate buffer solution for 24 hours were taken. FIG. 8 is a frontal electron micrograph of the surface 
25 of the polymer layer after the dipping in the phosphate buffer solution, and absence of holes in the polymer layer can 
be confirmed by comparing the photomicrograph with FIG. 6. FIG. 9 is a cross sectional electron micrograph (2500 x) 
of the polymer layer after the dipping in the phosphate buffer solution, and absence of the holes and the cracks can 
be confirmed by comparing the photomicrograph with FIG. 7. 

30 Example 3 

[0088] The outer surface of the wire member constituting the stent main body which is the same as Example 1 was 
sprayed with a solution of epigallocatechin gallate (hereinafter referred to as "EGCG", which is a polyphenol and an 
antioxidant) in ethanol (EGCG concentration, 10% by weight) by using a hand spray. It was then confirmed that about 

35 2 mg of EGCG was coated on the outer surface of the wire member constituting the stent main body. The solvent, 
ethanol was completely volatilized to form a layer of the biologically/physiologically active substance on the surface of 
the stent main body. Next, MED-4211 prepared by adding 1 g of a curing agent to 10 g of a base compound was 
dispersed in 89 g of hexane to prepare a solution (silicone elastomer concentration, 10% by weight), and sodium 
chloride fine powder (particle size, up to 30 jim) was added to this solution so that the concentration of the sodium 

40 chloride in relation to the total weight of the base compound and the curing agent of the silicone elastomer and the 
sodium chloride was 2.5% by weight. The resulting solution was then sprayed by using a hand spray. After confirming 
that the polymer layer had fully covered the biologically/physiologically active substance layer, the stent was heated 
in an oven at 60°C for 24 hours to thereby form the polymer layer. The polymer layer after the thermosetting had a 
thickness at an average of 50 urn. This stent was evaluated for the amount of the biologically/physiologically active 

45 substance (EGCG) released. 

[0089] The measurement was conducted by dipping the resulting stent in 50 ml of phosphate buffer solution (pH 
7.6), and placing the solution in a thermostat bath at 37°C. Sample of the phosphate buffer solution was collected at 
a predetermined time interval to measure the amount of the EGCG released. 

[0090] The amount of the EGCG in the collected phosphate buffer solution, namely, the amount of the EGCG released 
so from the stent was determined by measuring absorbance at a wavelength of 275 nm by using a spectrophotometer, 
and calculating the amount by using a calibration curve which had been prepared in advance. The results are shown 
in Table 2. It is to be noted that the amount of the EGCG released shown in Table 1 is indicated by the proportion (%) 
in the amount of the EGCG that had been coated on the wire member constituting the stent main body. 
[0091] As evident from Table 2, it was confirmed that the amount of the EGCG released increased with the increase 
55 in time (day), and that the EGCG was slowly released for about. 4 weeks with no rapid release in short period (initial 
burst). 
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Comparative Example 2 



[0092] The outer surface of the wire member constituting the stent main body which is the same as Example 1 was 
3 S °' Ut °" ° r E ^G in ethanol (EGCG concentration, 10% by weight) by using a hand spray. I. was then 
confirmed that about 2 mg of EGCG was coated on the outer surface of the wire member constituting the stent main 
D £ ™"* Ve "\ f««~'was compietely volatilized to form a layerof the biologically/physiologically active substance' 
on the surface of tne stent ma,n body. Next, MED-4211 prepared by adding 1 g of a curing agent to 10 g of a base 
compound was dispersed in 89 g of hexane to prepare a solution (silicone elastomer concentration, 10% by weight) 
and the sohJbon was sprayed by using a hand spray. After confirming that the polymer layer had fully covered the 
b.ologically physiologically active substance layer, the stent was heated in an oven at 60°C for 24 hours to thereof 
form the polymer lave, The polymer layer after the thermosetting had a thickness at an average of 50 pm This stent 
was evaluated for the amount of the biologically/physiologically active substance (EGCG)released. The measured 
was conducted as ,n the case of Example 3. The results are shown in Tabie 2. As in the case of Example *Z amouni 
of tne EGCG released is md.cated by the proportion (%) in the amount of the EGCG that had been coated on the wire 
member constituting the stent main body. 

T" 6 ",' ir ° m l 3bte \ " W3S COnf ' rmed th3t the EGCG is barely released in the s V stem "herein the polymer 
layer does not contain sodium chloride. K ' 

Table 1: 



Amount of VS released 


Time (day) 


Example 1 


Example 2 


Comparative Example 1 


1 


3.0 






3 






5.0 


4 




5.9 




5 


17.8 






,6 






4.6 


11 


48.0' 


32.8 


4.6 


14 


57.7 






16 




38.9 




18 






5.2 


20 




43.3 




24 




48.2 




28 


78.3 






31 




52.5 





[0094] The amount of the VS released shown in Table is indicated by the proportion (%) in the amount of the VS that 
had been coated on the wire member constituting the stent main body, . ' 



Table 2: 



Amount of EGCG released 


Time (day) 


Example 3 


Comparative Example 2 


1 
3 
8 
13 
17 
21 
28 


2.5 
6.1 
.28.7 
47.0 
75.4 
78.7 


1.5 
1.5 
1.8 



BGCC thItL a H m K 0Unt ° f ^ EGC . G r6,eaSed Sh ° Wn in Table iS indiC3ted by the P r °P ortion ( % ) in ^ amount of the 
that had been coate d on the wire member constituting the stent main body. 
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MERIT OF THE INVENTION 

[0096] As described above, the present invention is directed to a stent to be implanted in a body duct, and this stent 
comprises the stent main body and the sustained release coating formed on the surface of the stent main body. The 
sustained release coating comprises the biologically/physiologically active substance layer which is formed on the 
surface of the wire members constituting the stent main body and contains at least one biologically/physiologically 
active substance, and the polymer layer formed on the biologically/physiologically active substance layer to cover the 
biologically/physiologically active substance layer. The polymer layer comprises the vapor or water-permeable polymer, 
and the water-swellable substance dispersed in the polymer and swollen by absorption of the vapor or water. Since 
cracks are formed in the polymer layer when the water-swellable substance is swollen by the vapor or water, and the 
biologically/physiologically active substance layer is released to the exterior of the sustained release coating through 
the polymer layer, the biologically/physiologically active substance can be stabiy loaded on the stent main body without 
undergoing decomposition or degradation. In addition, once the stent is implanted in the lesion, the biologically/phys- 
iologically active substance undergoes a sustained release, namely gradual release for a prolong period without being 
rapidly released in a short period. 

[0097] When the stent main body is formed from a metal material, reliable implantation of the stent at the lesion is 
enabled due to the excellent strength of the metal material. 

[0098] When the stent main body is formed from a polymer material, the stent enjoys the merit of excellent deliver- 
ability to the lesion since the polymer material is highly flexible. 

[0099] When the biologically/physiologically active substance layer is solely formed from the biologically/physiolog- 
ically active substance, the biologically/physiologically active substance layer can be formed by a simple procedure. 
[01 00] When the biologically/physiologically active substance used alone is insufficientin its adhesion to the surface 
of the wire members constituting the stent main body, an additional component which imparts tackiness to the biolog- 
ically/physiologically active substance layer may be mixed with the biologically/physiologically' active substance to 
thereby improve the adhesion to the wire members constituting the stent main body. 

[0101] The stent can suppress the restenosis of the lesion where the stent has been implanted when the biologically/ 
physiologically active substance is at least one member selected from a carcinostatic, an immunosuppressive, an 
antibiotic, an antirheumatic, an antithrombotic, an antihyperlipidemic, an ACE inhibitor, a calcium antagonist, an integrin 
inhibitor, an antiallergic, an antioxidant, a GPIIb/llla antagonist, retinoid, flavonoid, carotenoid, a lipid improving agent, 
a DNA synthesis inhibitor, a tyrosine kinase inhibitor, an antiplatelet, a vascular smooth muscle antiproliferative agent, 
an antiinflammatory agent, a biological material, an interferon, and a NO production accelerator. 
[0102] The biological safety of the stent will be particularly high when the polymer layer is formed from a polymer 
selected from a silicone polymer, a cellulose polymer, a polyurethane, a polyester, a vinyl polymer, an acrylic polymer, 
and a thermoplastic elastomer. 

[0103] The dispersion of the water-swellable substance in the polymer layer will be facilitated when the water-swella- 
ble substance is a low molecular weight salt having a molecular weight of up to 1000. 

[0104] When a low molecular weight salt is the salt which is found in a body, the stent produced is highly safe due 
to the low irritation of the low molecular weight salt. 

[0105] When the low molecular weight salt used is sodium chloride, the safety of the stent is further improved since 
sodium chloride is a substance which is thoroughly found in a body. 



Claims 

1. A stent to be implanted in a body duct comprising 
* 

a cylindrical stent main body extending in axial direction and having an opening on each end of the axially 
extending stent main body and 

a sustained release coating formed on the surface of the stent main body from which a biologically/physiolog- 
ically active substance is released; wherein 
said sustained release coating comprises 

a layer of the biologically/physiologically active substance formed on the surface of said stent main body, 
and 

a polymer layer formed on said biologically/physiologically active substance layer to cover said biologically/ 
physiologically active substance layer; and 

said biologically/physiologically active substance layer comprises at least one biologically/physiologically ac- 
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iive substance; 



said polymer layer comprises a vapor or water-permeable polymer, and a water-swellable substance disoersed 
-n sa.d polymer and swollen by absorption of the vapor or the water and substance Aspersed 

vl a D C „r S orTh f ° rm f ^ ' ai< l POiymer la y er when sai ° water-swellable substance is swollen by absorbing the 
T ' h Wat f' and ,he °'0.ogically/physiologica.ly active substance in said biologica.lyUSoqfcat 
acttve substance layer ,s released to the exterior of said sustained re.ease coating through safd poCS 

2. A stent according to claim 1 wherein said stent main body comprises a metal material. 

3. A stent according to claim 1 wherein said stent main body comprises a polymer material. 

4. A stent according to any one of claims 1 to 3 wherein said biologically/physiologically active substance laver mm 
prises solely from the biologically/physiologically active substance. substance layer com- 

5. A stent according to any one of claims 1 to 3 wherein said biologically/physiolooicallv active Sllh5ta „„ „ 

9. A stem acceding to claim 8 wh.cain said tow motocal.r waigh. sail i, a salt -anion is found in , body. 

10. A .»nl according to claim 8 o, g »*,„(„ M molocal.r »aigh| sa « i, sodium chlosida. 



14 



EP 1 273 314 A1 



< CM 




15 



EP 1 273 314 A1 



FIG. 2 
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